of endogenous sugar acids were found in the blood of fed and food-deprived rats. 1) The acid (2S, 4S)-2,4,&trihydroxypentanoic acid y-lactone (2,4,5-TP) induced feeding (16, 22) , increased insulin secretion (21), and elevated vagal efferent activity (15). 2) The acid (3S)-3,4-dihydroxybutanoic acid y-lactone (3,4-DB) suppressed feeding (22), potentiated sympathetic efferent activity, and increased blood level of glucose and free fatty acid (FFA) (17).
3) The substance 2-buten-4-slide (2-B40), a derivative of 3,4-DB, is physiologically more effective than 3,4-DB when applied by peripheral routes (19) . It has been confirmed that the action of these sugar acids on food intake is mediated through change in the activity of glucose-sensitive neurons in the lateral hypothalamic area (LHA), a feeding center, and of glucoreceptor neurons in the ventromedial hypothalamic nucleus (VMH), a satiety center (7, 17, 19, 20, 23) . Their concentration in blood changed in different ways during food deprivation (US), suggesting that they may affect food intake by mediating hunger and satiety sensations.
It is well known that the pituitary-adrenal axis is activated (6, 12, 13) after food deprivation despite a decrease in other hypophysial hormone secretions (5, 24, 27) . Furthermore, fasting in a cold environment or fasting hypoglycemia increases adrenal-medullary secretory activity, but not sympathetic activity (29) . As adrenocortical and medullary hormones exhibit permissive action on elevation of blood glucose, the increase in these catabolic hormones after food deprivation may function in the prevention of hypoglycemia during prolonged fasting (3). The data suggest that these sugar acids, produced endogenously during food deprivation, may affect increase in catabolic hormones through activation of the central nervous system, and these glucose counterregulatory factors may prevent serious hypoglycemia in food-deprived animals. The purpose of the present study was to examine whether or not 2-B40 affects the level of blood glucose, the secretion of adrenocortical and adrenomedullary hormones, and the activation of sympathetic outflow in normally fed rats.
MATERIALS AND METHODS
Animals. Male Wistar rats (300-350 g) were housed individually in a 12:12-h light-dark cycle (lights on at 0600 h) and maintained at a temperature of 24 t 1°C with free access to food and water. Before each experiment all animals were handled for 5 min daily for 6 successive days. After being anesthetized with sodium pentobarbital (50 mg/kg), each rat was implanted with a chronically indwelling silicone catheter (OD 1.0 mm) inserted into the right jugular vein at a point just outside the atrium and brought out subcutaneously at the back of the neck. The animals were allowed to recover from the operation for 1 wk before being used for experiments. Through the implanted silicone catheter, 0.4-ml blood samples were taken within 2 min. Blood cells of each sample were resuspended in the same volume of saline and replaced in the animal after the next sampling period. All experimental procedures involving blood sampling were performed from 0900 to 1400 h. Plasma was stored at -20°C with 0.2% EDTA, for not more than 2 mo, until assayed for catecholamines and corticosterone. In six rats, the bilateral splanchnic nerves were dissected below the diaphragm under pentobarbital sodium anesthesia 2 wk before the experiment. Administration of drugs. 2-B40 (Aldrich) was dissolved in 0.3 ml saline and administered from 0900 to 0930 h via the implanted catheter. Animals were allowed free access to food throughout the experiment. Lyophilized anti-corticotropinreleasing factor (CRF) antibody (Peptide Institute) was dissolved in saline and used within 3 days. Anti-CRF antibody solution of 0.3 ml (containing 20 ~1 rabbit antiserum against human CRF) was administered to an animal 1 h before the start of an experiment.
Measurements. Corticosterone in plasma was measured by a fluorometric method after purifying the plasma sample by thin-layer chromatography on silica gel. Plasma glucose was assayed by the glucose oxidase-para-aminophenol method. Plasma catecholamines were measured by the coulometric electrochemical determination method (9) using a high- (pH 7.0) , and a known amount of 3,4-dihydroxybenzylamine, which served as an internal standard. Each sample was shaken for 20 min to allow amines to be adsorbed onto the alumina, and the supernatant was aspirated to near dryness. After 160 ~1 of 0.2 M perchloric acid were added to the alumina phase, the acidic eluate containing the desired catecholamines was centrifuged in the receiver tube, and 80 ~1 of the final acidic eluate were injected onto a Cl8 reverse-phase column. The mobile phase contained 0.02 M trichloroacetic acid, 0.075 M sodium dihydrogenphosphate, 0.05 % EDTA, and 5% methanol-lo% acetonitrile-85% Hz0 (pH 3.1). The mobile phase was circulated at a flow rate of 1.2 ml/min at 40°C by a column stove. All components were eluted within 12 min. Minimal detectable concentration of desired catecholamines ranged from 3 to 5 pg/vial. We also calculated the integrated glucose and corticosterone responses induced by 2-B40 (area under the curve) in intact and treated animals. The integrated responses were the incremental values above basal levels of their respective concentrations over a period of 240 min after the 2-B40 injection.
Statistical analysis. Data were analyzed by one-or two-way analysis of variance (ANOVA) corrected for repeated measures by means of a computer software program for statistical analysis (Fisher, Tokyo University, Tokyo, Japan) using a personal computer (NEC, PC-9801). When there was significant overall effect by ANOVA, the significant differences from baseline within and between groups at each time point were tested by appropriate post hoc statistics using the same computer software system. Differences in the integrated corticosterone responses induced by 2-B40 injection between animals with intact splanchnic nerve and splanchnicotomized animals were analyzed by Student's t test. Plasma corticosterone concentration. Changes in plasma corticosterone concentration induced by intravenous administration of 2-B40 are shown in Fig. 2, A and B. Significant increases in the corticosterone level induced by 2 1 kmol/kg 2-B40 were observed ( Fig. 2A) . The corticosterone level at 40 min was saturated by 3 pmol2-B40, but the integrated corticosterone response for 240 min after the injection increased dose dependently (Fig. 2B, semilog plot) . The peak occurred 60 min after the 2-B40 administration, after which the level gradually decreased to the basal level 180 min after administration. Plasma catecholamine concentrations. Significant increases in epinephrine from 20 to 120 min and in norepinephrine from 20 to 60 min after the start of intravenous administration of 30 pmol/kg 2-B40 are shown in Figs. 3 and 4 , respectively. The concentrations reached their peaks at 40 min and then gradually returned to the basal level.
Effect of splanchnicotomy on plasma catecholamines. Effects of bilateral splanchnicotomy (SPX) on increases in epinephrine and norepinephrine in response to administration of 30 kmol/kg 2-B40 iv are also shown in Figs. 3 and 4, respectively. The basal level of epinephrine was significantly depressed and the increase was completely suppressed by SPX. No significant changes in norepinephrine levels after the 2-B40 injection were observed in splanchnicotomized rats (time effect). Significant differences in norepinephrine levels after the injection were found between splanchnic nerve intact and splanch- nicotomized animals (group effect). The increase in plasma norepinephrine level was significantly attenuated by SPX, although the basal level of norepinephrine with SPX was not significantly altered compared with that in splanchnic nerve-intact rats. Effects of SPX on plasma glucose and corticosterone. Effects of SPX on increases in the plasma concentration of glucose and corticosterone induced by 30 pmol/kg 2-B40 iv are shown in Figs. 5 and 6, respectively. Although the basal level of plasma glucose concentration was not significantly affected, the increase in plasma glucose concentration in response to 2-B40 was significantly attenuated by SPX. Significant change in plasma corticosterone, induced by the injection of 2-B40, was observed in rats subjected to SPX (time effect). Although the basal level of plasma corticosterone was not significantly lowered by the SPX, significant differences in plasma corticosterone level induced by the injection between splanchnic nerve intact and splanchnicotomized rats were observed (group effect) (Fig. 6, Left) . However, no significant difference in the integrated corticosterone response induced by the injection was observed between the two groups (Fig. 6, right) .
Effect of anti-CRF antibody. The effects of pretreatment with anti-CRF antibody on increases in the plasma corticosterone and glucose concentrations in response to 30 kmol/kg Z-B40 injection are shown in Figs. 7 and 8, respectively.
In rats pretreated with anti-CRF antibody, the basal level of plasma corticosterone was not significantly suppressed compared with rats without anti-CRF antibody pretreatment.
The increase in plasma corticosterone was significantly attenuated by pretreatment with anti-CRF antibody. However, there was no signifi- cant change in the basal level or elevated level of plasma glucose concentration induced by 2-B40 after pretreatment with anti-CRF antibody. The increases in plasma concentration of epinephrine and norepinephrine were also unaffected by this pretreatment (data not shown).
DISCUSSION
It is well known that starvation results in significant increases in plasma level of ACTH (6) and corticosterone (6, 12, 13) and that fasting at cold temperature or fasting hypoglycemia increases adrenal medullary secretion (29). In the present experiment, the administration of l-300 kmol/kg 2-B40 dose dependently increased the plasma levels of glucose ( Fig. 1) and corticosterone (Fig. 2) in normally fed animals. In addition, administration of 30 pmol/kg 2-B40 increased the plasma level of epinephrine and norepinephrine (Figs. 3 and 4) . Niijima et al. (28) observed that intravenous injection of 2-B40 from 0.02 to 0.2 pmol dose dependently increased firing rates in the pancreatic, hepatic, splenic, and adrenal sympathetic efferent nerves in anesthetized rats. In the present experiments, the basal level of epinephrine was significantly decreased, and the increase in response to 2-B40 was completely abolished by SPX (Fig. 3) . On the other hand, the basal level of plasma norepinephrine was not altered by SPX, although the increase caused by 2-B40 was significantly attenuated (Fig. 4) . The increase in plasma glucose concentration in response to 2-B40 was also attenuated by SPX but not by pretreatment with anti-CRF antibody. These data suggest that the increase in glucose induced by 2-B40 is mainly caused through both adrenomedullary secretion and sympathetic outflow into visceral organs. Boyle et al. (3) studied the prevention of hypoglycemia during fasting and concluded the following. 1) Glucagon had a primary counterregulatory function in the prevention of hypoglycemia during fasting. 2) Catecholamines were not normally critical but compensated and became critical to the prevention of hypoglycemia during fasting.
3) The relevant catecholamine was most probably adrenomedullary epinephrine. Although
we did not monitor change in plasma glucagon concentration, 2-B40 increased firing of the hepatic and pancreatic sympathetic efferents, so glucagon as well as liver glycogen may also contribute to the increase in plasma glucose induced by 2-B40 together with adrenomedullary epinephrine.
Furthermore, the increase in plasma corticosterone induced by 2-B40 may act to maintain the catabolic state in food-deprived animals (8, 13). In the present experiment, the increases in the plasma level of corticosterone in response to 2-B40 were not abolished by SPX (Fig. 6 ) but they were attenuated by pretreatment ~with anti-CRF antibody (Fig. 7) . These data suggest that activation of adrenocortical and medullary secretory responses induced by 2-B40 is caused via the central nervous system. Oomura et al. showed that 2-B40 and 3,4-DB activate neuronal activity in the VMH (17, 20, 23) and suppress it in the LHA (17). It is well known that CRF is produced in parvocellular neurons in the paraventricular nucleus (PVN) (2) and acts within the brain to stimulate the activity of the sympathetic nervous system (4). Electrical stimulation of PVN neurons in rats increased sympathetic outflow (11). Although it remains uncertain how 2-B40 activates sympathoadrenomedullary and hypothalamopituitary-adrenocortical functions, we recently observed that microelectrophoretic application of 2-B40 to parvocellular neurons in the PVN activated neuronal activity (28). Thus it is likely that 2-B40 activates adrenocortical and medullary functions, at least in part by CRF through parvocellular neurons in the PVN. Furthermore it is likely that anti-CRF antibody, intravenously injected, may immunoneutralize endogenous CRF in the portal vessels and/or in the pituitary gland and then may suppress the secretory activity of corticotropic cells (15). It has been shown that CRF is closely associated with anorexia or suppression of food intake (25). Intracerebroventricular injection of CRF depressed food intake in rats (1, 14) . In patients with anorexia nervosa, the level of CRF in cerebrospinal fluid is significantly higher than that in normal subjects (10). However, it is still unclear whether the depression of food intake induced by exogenous or endogenous 2-B40 is due partly to any effect of CRF in the central nervous system.
Oomura (18) showed that the concentration of 2-B40 in plasma increased from 3.5 to 13.5 PM 48-60 h after the start of food deprivation in rats. We did not determine the concentration of 2-B40 in plasma after an intravenous injection of 2-B40. Assuming the total plasma volume in a rat to be -11 ml, the concentration of 2-B40 in plasma could be estimated at 28 PM after 1 pmol/kg 2-B40 injection if not metabolized and not absorbed by red or white blood cells. There is no information concerning the concentration of 2-B40 in the brain or cerebrospinal fluid after the intravenous injection of 2-B40. However, it has been reported that the concentration of ketone bodies in cerebrospinal fluid was -50% of that in the blood (26). Thus the concentration of 2-B40 in cerebrospinal fluid could be estimated as -14 PM. Therefore, the minimal effective dose of 2-B40 used in this experiment was comparable to the increased concentration of 2-B40 in plasma 48-60 h after beginning food deprivation.
The tissue that is producing the endogenous sugar acids is at present unclear, although 2-B40 and 3,4-DB are derived from glutamate and 3,4,5-TP from glucose (22). The 2-B40 in blood might be a result of continuous carbohydrate and/or lipid metabolism during a catabolic state. It seems to be paradoxical that 2-B40 activates the counterregulatory action during food deprivation while at the same time suppresses food intake. The concentration of 2-B40 increases progressively from 36 h and elevates to the peak at 48-60 h, but 2,3,5-TP reaches the peak at 12 h after the deprivation (18). This fact might explain the poststarvation anorexia noted in rats and humans. These data suggest that some sugar acids, and at least in part 2-B40, that are produced endogenously may participate in maintenance of the catabolic state during food deprivation through facilitation of the visceral sympathetic outflow, and adrenomedullary and adrenocortical functions, and might also result in the weakened hunger sensation for adaptation to food deprivation via the central nervous system. 
